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Dynamic implications of  how the 










Can test different strategies to see 
whether or not they lead to 




Drivers can be either technology 
price targets or policy incentives
30 X 30 Scenario Model-Developed




Continue rapid deployment of  starch based ethanol 





production cost target in 2012
3.
 
Cost share deployment with industry to reduce risk hurdle
4.
 
Achieve the advanced technology target to reduce the 
conversion cost component of the ethanol production cost by 





Continue tax incentive of $0.50/gallon and raise Renewable 
Fuels Standard ceiling to 20 billion gallons or develop more 
dynamic market driven incentive

























































































































Previous DOE Cost Targets
President's Initiative






















































Impacts at many 
length scales 
(mm to nm)






Converts hemicellulose to fermentable sugars
•
 
Makes cellulose susceptible to enzymatic hydrolysis
How Do Chemicals Penetrate Biomass?
Source: Himmel et.al.  
in collaboration














Enzymatic hydrolysis of cellulose or starch to glucose
Buffer treated corn stover Enzyme treated corn stover 
Note: zone around vascular bundle is eroded compared to native
(suggests enzymes leak through pores in bundle)
Enzyme Costs Have Fallen Sharply
•
 





Focus: lower production cost, increase enzyme system efficacy
–
 
Enzyme cost ($/gallon EtOH) = Prod. Cost ($/kg) x Usage Req. (kg/gallon EtOH)







CBH1 from T. reesei






























































































































































+ 2nH2Æ CnH2n+1OH + (n-1)H2O
Optimal H2/CO ratio ~ 1 –
 
1.2 due to water-gas shift 
(WGS) activity of catalysts
Reactions largely kinetically controlled
Gasification R&D for “$1.07”
 Thermochemical Ethanol Target
•
 
Gas Cleanup and Conditioning –
 
Tar Reforming Catalyst Development
–
 








Increase single pass conversion efficiency (38.5% to 50%)
–
 
Improve selectivity (80% to 90%)
–
 






Technical validation of comparable syngas quality from biorefinery residues 
and wood residues







































Highly sensitive to  reduction,
sintering, Cl-
 




Easy to make &
retrofit into existing units 
Low overall yields, same sensitivity
as parent Cu-Zn-Al, branched prods
may dominate.





S required in feed, &  S  is  in
product,  highly sensitive to the
activation process & O2 




No S required, good linear 
product yield 
Composition not optimized,
HC yield higher than desired 800-1200
Rhodium
based +XYZ Good ethanol selectivity
Composition not optimized,






Good activity &  many
opportunities for
improvement 
Composition is not optimized
alcohol selectivity may be  too low










Very complex system, optimization
difficult,, yields of HC, acids & 
aldehydes
 




X, Y, Z = various modifiers or promoters










Step 3 + -
Syngas to DME + 
MEOH in one step 
over Cu-Zn-Al  
combined w/ 
dehydration cat 
DME + MEOH to 
mixed C2-C4  
Olefins over ZSM-5  
MTO* catalyst
Olefins hydration 









is ideal feed for 
MTO




















3 steps (possibly can 
combine #2 & #3 with 
development)
Syngas to DME + 
MEOH in one step 
over Cu-Zn-Al  
combined w/ 
dehydration cat 
DME + MEOH to 
gasoline 
hydrocarbons   
over a ZSM-5  
MTG* catalyst









*MTO = Methanol to Olefins   MTG = Methanol to Gasoline, 
Catalysts are variants of modified ZSM-5
From DOE GTL Bioenergy Roadmap
2030 Target for a Large Cellulosic  




















Lignin-rich Residue   




S. Phillips and J. Jechura 
Questions?
